Approved For Release 2003/09/30 : CIA-RDP71B00822R0001 0021 0003-2 


OPTIONAL FORM NO. 10 


UNITED STATES GOV, ^^'IMENT Qr r^nr T 

Memorandum 


25X1 


TO 


] OSA 


25X1 


FROM 


PC/ORD 


date; 23 June 1^65 


subject: 


Boron Filament Research 


This memo on Boron Filament Research summarizes a study by | 

PC/ORD. PC is not pursuing any developmental objectives at this tinie, bm, 
•we are attempting to stay current with technological advanced. We shaU. ne 
happy to discuss the technical aspects of this work in detail^ if ycfti wish. 

Hive 

RBG 



SECRET 


USAF review(s) completed. 
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OKD-723-65 
2.5 Uarcli 1965 


MUOMSim POR IHE 

SUBJECT r Bo^oa IHeBiieat Bceearoh 


ftgpOEQ i This sKBoo has three ohjectivesi 

^ ecffnmenb on the lotportance of mterialB reBeorth as a 
limiting factor In defense planning. 

b. To place boroti filajmnt research la perspective vlth re* 
gard to the overall tread of materiala research. 

consider specific characteristics of boron end indlcata 
their advantages and disadvantages In fulfilling present and futusTe 
laateriala requirements. 

2« Conclusions t 

■a. Structural tuxd skin materials currently may be regarded aa 
the^prlnelpal Hinting factor In the manufacture of hi £>i speed 
C^at ai^-alt (>I^ch 2.2). The develojment of the next generation 
of al^cr^ viU require materials having 2 * 3 times the modulus of 
elasticity, strength, and tempeicvdAXTo ot current nmterlalsa la 

projected boron costtposites could cause algnifi^t 
cost reduction and payload (23^)/ or range increases. 

b. Boron filaments ere currently the most protnlslng candldat.- in 
for use in composites over the next 5-8 year pcncd — 
pririarl^ ^ecause tliey retain their properties for long periods o;~' tliri 
up to 1700 F. Eeseardi on speclel glasses and terylllm win belicST"' 
^nued ^t metal wIilskerB appear to hove the greatest long range ■. i.e. 

The research paths toward "tailored" materiaii 
be diverse In vorld-vide perspective since local technologKfcil kncn.f. 
hw will exercise a maj^ role in the selection of materials. ConsequeiH 
®tngle plateau of acccaaplishment can presently be defined for 
Intelllgenee targatglng. 


c. Boron filaments have been produced which exceed all the ai aiiDUfc 
mterials specification ibr the next generation of aircraft and ttsuilei;. 
R^ver, the concurrent development of high tenrperature binders, reduc- 
tion of cost, and great Increases in production rate will be necessary 
for widespread utilization. u 
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3* Backerpuad t Recently the Mr IPrce eae^jleted Project lOHEC/i#';.’ 
which set forth %heir reeearcli ohjeettves throneJi 1975* Foreii!a»t on 
their list was the developaent of horoa filajneuts which Gfeaerel Scbri«''-ftr, 
Chief, AJPSC, described bs the "{:Teatest laaterlala advatace in three idio^isanc' 
years”, i)ucb a otronjj etateaeat oeeiaa to warrant a deeper iinreatisattc ,'i bj- 
ORD personnel to detenidne to what degree the uejrt generation of jaillfe-ry 
aircraft are limited by the current state-of-the-art in, mteflala tocicr o- 
logy and to ascertain if a specific technological plateau ccruld be defi led 
Which could be targeted agalnat successfully if anticipated eitfilcieatly 
far la advance* ConBogaeatly^ three steps were taken: 

a* Contact was made with Dr. Ijovelace who is gechnicel. Dir» , 
ector, AF Materials Lab. , WrlE^t-Fattereon Field under >diose aua- 
pleee the current boron program program is directed. Hr. lovelace 
cooperated fully in arranging discussions with AF and oontaractor 
scientist end made arailable many technical reports. 

b* Contact was made with Dr. Earl Hayes, AD (ifeterialB), WBk^ 
whose responsibility it is to approve and direct all aaterisls re* 
search within DOD* Dr. Hayes was most candid and helpful ia placlsig 
the boron program in perspective. 

c. Finally, OSl, ORR, FSCAC, and OIJE Personnel were ccatacted 
to determine the ciirrant level of CIA Interest In foreign naterialii. 
research and to relate possible application* to intelligence pri- 
orities, 

4, Perspective : Materials research today is undergoing a period cf 
rapid transition. In cembat aircraft, new high temperature laitenals are 
required for skin, structural', and engine parts before adequate utilisation 
can be made of current design capabilities. For example, the next genera- 
tion of combat aircraft requires materials with tensile strengths in excass 
of 300,000 pel, a modulus of elasticity (stiffness) of 20 million psl which 
will retain their characttarlstics between 600 aadllOO'^F. By contrast, «sir- 
rent materials only have tensile strengths of 70^000 pel and have a modttlua 
of 9 million pet. Furthermore, even these specifications must be greatl;/ 
reduced above 300®P. Translated into functional terms: the large scale 
production of aircraft capable of exceeding roach 2.2 is limited by mater- 
ials, In misBiles, the picture is somewhat different t weight tradeoffs 
are manifested in reduced mission capabilities and increased cost. All - 
these factors have contributed to an intensive seardi for new and better 
materials. For example: 

a. Gloss research has progressed in the past five years. Spec- 
dial glasses have been developed with tensile strengths of 500,000 
psl and a roodulus of elasticity of 60 million psl. Problem: strength 
retention drops off rapidly above 400OF. . 
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b. Beryllium research has likesflse made great progress and 
fllanients having a modiilua of 40 Mlllon pal vlth 80,000 psl 
tensile strength are quite attractive, Problem; limited bcryllifea 
supplies will keep the cost effectlvcnesB veil above acceptable 
limits, 

c. Jletallic whiskers promise to be the solution of the 1930 's 
• and 1990*0 but most certainly will not be available for use In the 

next generaticai of aircraft or mitisiles. 

Where does this leave us? Dr. Boyes suggested that the next 5 to 10 years 
will be spent on compoelte design and fabrication bo that the best feafrjEres 
Of presently available materials will be combined In response to the de- 
mands of a "transition generation" of aircraft and missiles. The true rul** 
f illment of the coming materials age will probably yield "tailored" mat :rialii . 
In the meantime, the US, its SLllies, and its adversaries will probably roHovr 
many different paths In order to exploit local technological" know-how. : rrad 
the viewpoint of intelligence collection, the path la too unpredictjsible to 
define a single plateau ftor targeting, 

5* M;y boront EecauEO of the nature of the metallic bond, its st rength 
varies on3y within narrow limits. By contrast, while the mechanissB go,x‘rn- 
Ing the elastic modulus are less well understoM, it is known that it rukLea 
over a much wider range; consequently, when one studies the properties: -jt > 
elements and learns that boron has an extremely high modulus of elasticity 
as well as acceptable strength it causes one to consider it very serioufly- 
as a potential filament material, especially since it is Ught and consj- 
quentiy provides an unusually high specific stiffness and strength. A 
general survey of boron characteristics is as followa: 

'< . ; a. liow density (155^ lifter than aluminum) 

b» Extreme hardness ( 9*2 on moh's hardness scale) 

Ci Good strength retention up to iSOO^F* 

d. Very hi^ modulus of elasticity (60 mllHoa Pgl) 

e. Very high modulus to density ratio (7«05 x 10® In) 

f* Very high teneile strength ( greater than 500,000 pel) 
g. rator abcorption 

31i brief, boron has many chsqracteri sties which appear to exceed the minimum 
AF requirements for the next generation of aircraft, the jarindple cme being 
its adaptability to a hi^ temperature eiuriroranent* 

— 4* Problems; iCbe strong points nominate, boron as the leading candldata 

for msking an early contribution to ccmiposite technology. On the other hand, 
a number of obstfilUd^ must be curmounted before a material Is afrtually fielded 
For exemplej ‘ • 

a. Production rate is currently very alow {40’mln. ) since a Vipor 
deposition process is used in which boron trichloride Is decompoBri 
and boron is deposited on a tungsten substrate, If large scale 
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^ctlon ia ever to te cceoaencea, an alternate ia*ooeas eueh at- 

probably have to be perfected to ' - 

permit production rate of eeveral thouBand feet per imlnute* 

i«>. J3:odu0tloa coat is etlll in eccess of $150 per pound 
$TO^/^ounr'^?f'^?° tunseten vlre substrate coats a^aSSLly ^ 

^ 12/1 4 ^ Iv^’ anolcipatefi tliat silica substrates ■will be ^ 

i wuM result. attained widespread applicaticr 

i ■ . 

■ i . ‘ : 

Muderfl ijaportant, hl^ temperature 

; \ SrtS! la currently b^ 

, ' AppllcatlonB and -Coat Eff sctivpn*^..* t ftreat eaut^ on ««,««- -k.. ji 

average tensile strength is apprc«imtelv 3?D currr t 

Ss?s^f r St 

1CM*6 24^, and 2-staf'<*'^Trm^n S-stage eoisd 

: o^d bonam graatl5°ira. 

28058. Wiala tS^ng-tta 

that "barm, aircraft" will not baocne a “J“y for to 

poration has ^eody been demonstrated that incor- 

poration of 2/j boron filaments (by wel^it) into the titanlusi cf-'a of •aife 

Sn Of boron filament development, othe?vSL ! w 

mSriS bS gou^ation of aircraft utilising "relnfS^e? 

■ in -SS^r^" mtSSi! '“”■ * «otil=tlcnt,a i.v .1 l. .ttnt.«d 


" Dietrr iti/UlhJ/jjp/aaiff ,. 

me 

V'JHP 

?C Chrono ORD Chrono 
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